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EDITORIAL Big Questions for a Small Planet
One of the defining social themes of the decade has been ecological awareness. Consequently, ecology now stands at the interface between science and public policy. Pressure groups, citizens, and policy-makers can draw on ecological research to form opinions on the "big questions" facing the planet: what to do about climate change, biodiversity, population control, and other pressing matters. So the issue of how ecologists gather information, and how that information can be applied, becomes tremendously important. In a special section this week, we examine the status of large-scale ecology.
The discipline of ecology, once largely devoted to observing natural systems, now often seeks to understand them through experimentation. Two articles deal with diverse experimental approaches. Lawton examines model systems, focusing on his Ecotron facility (page 328), which can house up to 40 species of plants, herbivores, parasitoids, and decomposers; its beauty is that the role of individual components can be isolated. In contrast, on page 324, Carpenter and colleagues review large-scale modulation of entire ecosystems, such as large ocean areas. But this experimental zeal has also prompted a backlash from researchers who feel that many experiments are disconnected from natural history and teach us little about the real world. A news story on page 313 chronicles this debate.
Our understanding of the influences that shape ecosystems also depends on the scale at which we view them. There are, for instance, three traditional approaches to studying atmospheric changes and their ecological effects: (i) scale-down, (ii) scale-up, and (iii) scale-up with embedded scale-down components. Root and Schneider, on page 334, present a new paradigm, strategic cyclical scaling. This involves an alternation of big (global) and small (ecological) studies. If adopted, this approach will pull together research communities that rarely interact at present. Altering the "top-down" view of ecosystems to a broader perspective also has prompted ecologists to reformulate the classic concept of "keystone species," as detailed in a news story on page 316. Scale also looms large in Pickett's analysis of landscape ecology on page 331, which emphasizes human influence in shaping ecosystems.
That influence is also featured in three papers assessing our impact on the health of the planet. First, biodiversity. Pimm establishes a "background" rate of extinction (in the absence of people), then factors in the effect of humans, which is both negative and dramatic. Second, the vexing question of human population growth. Numerous tagenic agents (2) . The versatile operations of these systems include insertion, deletion, inversion, fusion, amplification, dispersed and tandem reiteration, and other DNA rearrangements (3) . In contrast to Lenski and Sniegowski, I find it more reasonable to think of mutational events (which may involve many precise biochemical reactions) as resulting from the concerted action of dedicated cellular machines than as accidents or "pathologies." My argument is that these "hightech" natural genetic engineering systems serve an adaptive function by generating the hereditary variability needed for shortand long-term survival. They provide the biochemical activities that account for evolutionary patterns of genome organization unanticipated by conventional theory: shuffling of sequences encoding protein domains, assembly of regulatory regions containing multiple transcription factor binding sites, duplication and dispersal of sequences among gene families, and amplification of repetitive DNA elements.
The emergence of bacterial antibiotic resistance did not follow neo-Darwinian predictions that bacteria would become resistant by accumulating mutations that alter cellular structures. Instead, bacteria acquired new genetic elements that encode special resistance mechanisms (4) . The construction and spread of these resistance determinants depended on natural genetic engineering systems such as plasmids, transposons, and integrons (5) . Functional utility is also apparent in developmental DNA rearrangements, such as those underlying B and T cell development (6) and ciliate macronuclear differentiation (7) . These instances of efficient, coordinated genomic reorganizations are examples of the genetic engineering that is available to the evolutionary process.
Two questions about evolution concern the origins of genetic novelties and the role of informational feedback onto the genome. (i) What are the sources of evolutionary inventions? The best models for answering this question will come from studying how natural genetic engineering systems produce new DNA structures and alter genetic regulatory regimes. Studying creative DNA rearrangements is more relevant to evolution than analysing point mutations that merely restore preexisting structures. (ii) How much informational feedback is there between the organism, its environment, and its genome? The signal transduction systems regulating natural genetic engineering are molecular neural networks that incorporate such feedback (8) . Future research may discover just how "blind" or how "perceptive" these signal transduction systems are. We currently know little about evolution; that is why sequence database analysis continually produces surprises. So it is far too early in the game to speculate usefully about the origins of natural genetic engineering systems or to talk about any "ultimate understanding" of the evolutionary process.
James Fig. 3A , but the electrophoresis was over a longer distance to better separate the 2'-and 3'-linked product. The amount of 3'-linked product in the a4-10t lane was below the limits of detection by this analysis (< 1.3 percent of 2'-linked product). This value was used to estimate the upper limit of rates of 3' -linked product formation in a4-10 and a4-11 selfligation reactions. 25. The substrate oligonucleotide 5'-AAAccaguc (Fig.  3A) was usually used in this study. Self-ligation rates of the seven ligases did not systematically or substantially change when any of the three other substrates from a previous study (3) were used in place of this 9-nt substrate. (Fig. 1A) . The 5' deletion derivatives indicated by the vertical lines shown within the bars in Fig. 2 (Fig. 2) 
